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V^^C.fcOrr^^ K • 7-f i/'vi?;^ • (Appl 
ied Physics Letters Vo1.76,No.1,pp121,2000) fCfS 

[0005] 01 0(ix;y7«f?fc:J: Offi^Sti/cSIWSft 

m h 5 yS/'J^ ^-coEDrffi^itllT-S) . 13 1 0 (i^f J: 3 
fc-t^yr^rT^Kl 0 0 1±{C. JUf3 0nni<?)GaN 
l^figJll 0 0 2, J^l?[2. SAemcOGaNll 00 
3,^1 Onmc7)A 1 GaNX'<.— t^-il 1 0 04. 
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v-Uny, GaN. AlGaN. A 1 N^COII Bf^^il. ^cr)±.l,ZX^~-^-m4 . ^-rUTfti^iiS 

[0 04 2] A.y7rii2{i. /::fct{f400~500'cms 6c;)±Wi. v-j^mns. Hw^ylffigfciwfy- 

mmit. ^c(^±mzm!S.^ixiumm-im^mwm [oo48]««i. m&j<yyrm2. ^■v'jrmf 

tm^T^m.-^izj:im;^immtmmiw.zt. ms. x^-^-ma . ^^^^jTmMsmx/i^B -y 

[0043] dr^ur^iis. 4 , dfA- h^meimmt^mM. mi<mmBmtm^ 

')rmM5{i\<^mhumm^m^mmzi:^ 30 twi:fflv>s::i:**t'#i.. ci^-c-. >'3-yh^/i6 

fc. Nkir-^ts^i^immTh*). IniGayAl i^t^Xd^Z-ft, ZtiizX^i^s •yh^mS'^liZS 

i-.-yN (OgxSK Ogy<l) t^f aiS^i*c7)exV'^iiSrl&±$-<i:. 'J Tft*&ii 5 

rmmsx*)i>9=Tma:h<o^h'^\>^mizx'omm- 10049] :^mmmmm^hyy'jx9ii. m 

^Mizirm. T^mD^mtzbi^x'^t. nm ^t:ff')^M.^mm(o:c-yi'y^jMi}^^x'hhtc 

tLx. mniBe. c. Mg^fc'^^airtsii:**^ [00 50] (ii3<io^<?)j^s) ^^ifij^^tcfS^l; 

mxhl. , 40 |SL^»h9>->^X^<08fraifil)tSria3(c^t. *^ff^ 

[0044] *llli©^W,-C(i. Stl)IiO)¥v^^-rW ->3 7 h^l6<7)i|iS3&<y'-bm«i7coi|iJ: Ot>$^ 

^*l(OM;^»^t- . y 7^ S . C:<0 J: 3 3 v h^l 6 i^-l H 

i^^iic<7)::*;#v>SWiJE«ISA*^'^-tS, [005 1 ] (ll4(0||lifecomi) 

[ 0 0 4 5 ] •> 3 7 Ji 6 {4. mmumtmwiAf.'?- h 9 yi^xiK7)mmmmi:m4 t^^-r . 2is^«fej^ 

7h^J16«o1S^SiS:^^+U77fefi'13colS^smJ; v-xmmaaXi/YU^ ymM9Tcr)-y3 -/b 

^iiiz^K-ti. zcox^^j:m^ti-^zt^zx'o. m ^memm^zLx^^^. ztuzx'o. i-^^yh^me 

1 (b) Oia^rA>Ffi|jSt=5rS. •r^rip't. ^37*50 e0X7f->'^^XSCUV^T^^U7tt*&S5*«SiaiL^r 
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1 1 

[ 0 0 5 2 ] ^rfc. *^M}^EtCfcV^T , >- g 'y h =^J1 

[0053] ms commcomm ) ^tmmmi>m. 

vg-yb^aiOSrGaNtiOfflfiSLTV^ 
V^A1 GaNt=J:t5ffl^fCV^S/246. GaN*>'^'5r.S 

^ u 7«*&i 5 1 1, 3 <y h ^mmmmfji/z^ < 20 

[0 0 5 5] (m7(ommmm)^tmBm^n 

m^h^y>'::^:?(r>mmm&^m7<>z7^-r, ^mtm 
mtu. mmLm^^-f. GaN*>/i>^:s««ii ssr 

xyi-y-Z^zif^-fyr^rmnm^-t^^ibiz 

[0056] {m8<Dmimm) ^mmm?>m 

h y ^^commm&^m 1 1 tc^-r . *^ 30 

V'-^y«ffi9S:IStt, ^'^'UTtt*&«5±t:i^3>y 

6{mmm20izX^mhtiX}5^ . S^irSMt^V^ 
J;^t:§fL-CVM,. Z(7)Xoi,z>'3 'vh^meiumm 
2 0T'gofll5iffSC:fctJ;>3s i'3>yb=3fS6^ii 

mz-r^zt^K'^i. 

[0 0 5 7] ft^)g2 0{±. g^ti^'JrJ^s i?^kv'J3 

[0 0 5 8] (^9O»5|c0«®) ***f0^®(c«l>>' 
[0 0 5 9] a« ±('. ^^'-:/7r« (^0 

*«JBE§^^TV^2.. i^g -y h^ii6<?)±tc{iA-y7 rl 

2 3 ^bti, xK-^m 4 . ^ •V u rffi*&a 5 

UiJ<yyrm2 2*<ia(t^>ilTV^i). ^-3 -y b^Jie 



#^2002-1 6087 
1 2 

^^-ri)J:o(c:-rS. C:ntJ:'?i^3-yf^Ji6 4'tcjaE 

tiSi^ijRotrxy-^ffi^^s-ti-, =3f ^ rft*^« 5 

^Ziili^3"/hmmi^<i-tZkffiT^t. A'-y7 

rl2 2iS. a[-73I')M^^>f:*t^X'<-^fJl4*3j:t^ 
^S;2*:co=^fA' U7^i^m5<r)±i,zm^^tiX\^lfd^. 

[0060] ( HI 0 (r>mmm% ) ^mmmm^zi^ h 
'ya";v^i^^t~Y<^mwm^mi3\,z7rs^. *^ 
mm\t. ^9<nmfim-mtmuLtzwm.}:.^j:'^xu 
htK J<>yyrm22m^^)7m^m5t<n7).im.v 
x\^hmmts:'^x\^i, cicoia^ffljtfc^o-cv^i, 
tz^. imru^x\tm9<7)mm<mmtim\^x^'s. 

ic^i.. A.y7rl2 2i^ay^':?hffitji{i:^^#< 
[006 1] 

[»5feW] mmi 

[O06 2]««itt-ccffi({oooi)ffi) -9-7r-<r 

A".y7rii ()Ki¥20niD) , ^A'yr^ff«3 tLTGaN 
(MJfl500nin) . X^--^mAtLXPA(a.WX^ 

-■^-m im^) . '}Tmm5tLxmm 

^^}rm^m JiJi:20nin. Si ^1145X10 

i8cm-3) , v-3-yh^®6}:LTInGaN (InffljSitO.O 
5. li/flOnm) t^il^M^fflXt°^'=Jfi^^;l- (MOV 
PE) atiOmtS. MOVPEffitCiSfilc^^aK 

A-.y7rl2 : jiS400-500°C (g«R«'450°C) 
=Jf-V'U7jtffffl3 (GaNl) : aJSlOOO~1050'C (^J 

^(flOSO-C) 

9-14, ^^'J7ttJ^)i5 (AlGaNJi) : 51 
i:l040-1100°C («?!l;im080'C) 
1^3 •/ h-=^Ji6 ( I nGaNil) : 3l^800~900r m 

^^:v^•e. ytWJxv^miL, m^. mmzi.^m 

U^^imtz^. C\iifX^m\^fzY'7^3i-v^y'!^ 
(ECRS) {Cj:0>'3 'yb+/i6(7)-gPSr^*-t?.. 
S^tC^-iO^-SfcLTTi/Al (TiJl<7)Ki¥l0niD. All 
Ol^200nm) t:%l'mM\Zi. m^L. 7 h^7 

<n^k. 'yyyr--)v (65o*c. 30«.>) 

xmffis, b'u-^yiiffi9 5:?g^-ri.. ^(r>Vk, y^Y 

!S-c?)^fc LTNi/Au (Nil«7)Ml*10nin, Au^cT) 

TOOOnm) $-ftl^M^«tJ;Ofl?f£L, U7b^7T 
I. i t (c i 0 7 SrffM-r& . ]iLh<^X§S:S 

[0063] if^vmrnm^ Yyyvxnt. >- a 
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n, Al, Ga, #«(7)iSfl)*it^ilIW1-|)C: fCy'-h 10 
mfli-»f^iiPBl!Eil. H-ty^iD^fcYtS-^tetSfl 

[00643 ^j:ii:mmmxnMUii iX^yr^ 75: 

( ( 0 0 0 1 ) IS) S:fflv^f^*\ uimm-im^m^ 
Hs^coffii^. cmi}^(pim(^iiHzmmiWc^t.:& 20 

[0065] nm^z:^mtMmx'{i^ \ u r^^rii 3 1 u 
[00661 mk\,zmmM-m t , m2<oi»s 

tth^ti:i-X'%hi:^.immSLt^m-m};:XTt 30 

[0067] immmx\tG3.^^^^)7^^m 

coSS*^*>)5x 1 0'6cm-3T'*>-5/v:/>:J6. ^MftSrjS 

mstt:ibh^mx'f}^, 

[oo6s\ ttz. :mnmx'\rj-xnM. k u--^ y 40 

%%b Lf T i/A 1 ^•fflV^>^c*^\ V-xmS, Kl-'W 

ymffi<i*«jssc?i)+^ A- y r f**&l-C'J) g a n t ;t- 

i , T I , Pt, A U Auspo^a5:fflV'>?,C:t*^'r 

[oob9\tfz. ^mmx'\iy-v±mb lx n i 
/A u ^m^-^tztiK hwrntimim^^^ v 

J:<, WtJfW. Mo, S i , Ti , Pt, A I . Au 50 



i^ffl2 00 2-l 6 087 
1 4 

fcmmbthcbiiX'^i. 

[0070] 

ti. nmcr)^j~^n.^t:m^izm±i-h:ibtiiT^ 

[|lffl<7)|fm=5:iMBJ] 

[01 ] :^mm^^i^mmmi^tmmx 
hi, 

[113] :i^mn^zm^\>i^^w.<r)imimtmmmx 
[H4 ] :i^%m^m^imm<r>imimt'S[mrc 

[US 1 *^BBt:«Sitm#^Si^5i$-*-ri»iIi0"C 

[08] if^^mmimmhfzi^cmx'hh, 

[09] exVJ5f|StoV^Tii"i-rSfcii')«O0T'J)S. 
[010] t^<7)i|i##^acol83iS:^-f®riia0T'*> 

I, 

[011] *%Bj3t;^|,i|£^«jj|-S(^^|jt$:^^-riIi]li0 

[012] ^m\,zm^if^^mmmmm 

X'hh, 

[013] *^BHt:^^si|£#«^Scofl|J&^^-r»iffl0 

[014] m-mMff^t^Mm^i^-rmxh h , 
[01 5] mmf-mw^-kmw^hh, 

^•r0TS)i., 
[^?#«^iKBB] 

1 »« 

2 A'-/7TJi 

3 ^^ur*ff« 

4 X'^^-'^-l 

6 ^-g^yh^Jfii 

7 y-;^m® 

8 H w yifii 

9 ^-h€@ 

10 'y^-'/V^M 

12 S« 

13 =¥^'jrMfJi 
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15 




1 6 


2 0 mm 


1004 


A I GaNX^-^;--! 


9 0 mm 


100 5 


A I GaN^^UTfi^*&/i 


9 1 >'S^y7r/l 


I 1006 




9 2 GaNTitl 


1007 




9 3 A 1 GaNfl 


10 08 




94 InGaNl 


1009 




9 5 mm 


1101 


GaNa 


100 1 "fyr-^rmi. 


1 102 


A 1 GaNS 


1002 GaNI^^ 


1103 


GaN« 


1003 GaNil 


10 110 4 


I nGaNJi 




[112] 






^ ^ 
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[115] [116] 
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9B 93 92 
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100 



5 10^ 



[010] 



[0141 



[01 5] 



1001 





0 0.2 0.4 0.6 0,8 

InttBK 



0 0.2 0,4 0.6 0.8 



[01 6] 



<oooi)3)A 




(72)ifeBM mi mm 
azmm^ ism 



(72) fi# 
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(12) 4$M 2002-16087 

F:^-A(##) 4M104 AA04 AAIO BBOl BB02 BB05 
BB06 BB09 BB14 BB16 BB18 
CCOl CC03 DD34 DD68 EE14 
GG12 HH17 
5F102 FA03 FA05 GBOl GCOl GDOl 
GJ02 GJIO GL04 GL08 GL09 
GMOO GM04 GM08 GMIO GQOl 
GROl GS04 GS05 GT02 GT03 
GV07 GV08 HCOl HCll HC19 
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